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ABSTRACT OF THE DISCLOSURE 

A method for coating non-conductors with carbon 
particles, comprising the following stages: a) treatment 
with a copper-containing solution; b) coating a non- 
conductor with an aqueous solution of gelatine or 
polyacrylate; c) rinsing with water; d) contacting with a 
dispersion containing carbon, a wetting agent and an 
ionogenic metal compound; e) rinsing with water. This 
method selectively produces electrically conducting 
surfaces, and is suitable for the direct metallization of 
non-conductors. After being coated with carbon, the non- 
conductor can be electroplated directly. The use of coppe 
containing solutions in the method is also described. 
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METHOD FOR SELECTIVELY COAT,NC NONCONDUCTORS 
WITH CARBON PARTICLES AND THE USE OF 
COPPER-CONTAINING SOLUTIONS THEREIN 

me i„ven,ion .0 a me*C for se,ec.We,y <M nonconducors wi* carbon par,ic,es 
and .he use of copper-conuining solutions .herein. 

me direc. meuUUauon of noncor.duc.ors ha, E rea„y gained in importance in *e ,as, ,en years 

21 me pr,n,cd circui. hoard indus,r, ■» U,is connect, me direc, 

1 po Jrro,e and carbon parUCcs. g raphi,e and,or carbon b.act shouid he men„oned. 

D1 rec, ga,vani 2 ,ng memods b, appiying carhon panic.es on nonconducors are descnhed. for 
„amp, in * US pa.e„.s 4.6,9.74,. 4.622..07. 4.622..0S. 4.BU17 and 4 684.56a A 

Hon and cen,ra, charac.eris.ic wi»in ,e s„e of ,he an is a dipping so,u„on. ^ 
lains carbon paniCes (preferab.y acidic carhon biacUs wi,h particie si.es g rea,er ,han ,m 

dispe , s ed in an afcaiine surfacan, so.u.ion. When a nonconduco, ,suhs,ra,e, ,s d.ppvd 

sll ch a solu,ion. a nim of carbon remains adhered .0 .he surface. 

Al *e same ,ime. re,a,ive,y *« - "<~^ "™" B * ^ ^ 

the printed circuit board. 

T„e copper surface inCudes no. on,y ,he „,e,na, copper ,ami„a,on of a prin.ed circui, b«d 
Tile dri.fed inner iayers. which are .posed in .he case of mu,,„ayers and are con.aaed 
by me copper sheam deposiied la.er on galvanically. 

Urg e amo»n,s of carbon have a very d,sad,an,a g eous effec. par-iCar, in ,he case of One 
JL, which can become biocted. ,n add,,,, e,cess carbon n,us, be removed f™m 
copper surfaces in a subseouen, ba.h. ,n order no, ,0 remove ,he carbon from 
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nonconductor surface, • » » ^1* -in. ,*». 

in d other materials used in the manufacturing of pnnted circuit board, a copper etch.ng 
process is proposed. which rakes awa, up .0 5 am of copper and. a, the same time, praccany 
frees the copper surface from carbon. By these means, hoover. the electrical comae ,0 >he 
carbon „ing on Ore nonconductor is interrupted. In the galvanic bath, the copper layer must 
first of a,, bridge the amount of said 5 ,m by fronr growth, in order ,0 comae, for example, 
an inner layer of a multilayer. However, since ,he multilayer consists of several .ayer, .0 
,6 layers being technically customary, there is such a phenomenon at each layer. As a result 
there are considerable fluctuations in the thickness of the copper layer in the boreho.e. which 
,ead to rejects or. at the very least, represent a sigmfican, disadvantage of the method. Thts 
inadequacy limits the use of this advantageous technique. 

A fu. .he: disadvantage of the methods within the state of the a„ is the drying process after the 
coating with carbon particles. In the case of vertical processing techniques, very much of the 
carbon dispersion remains in the holes here, particularly in holes with a diameter of less than 
0 4 mm Because the surface of the borehole is therefore difficult ,0 dry and because of the 
unusually thick coating with carbon, further processing is extremely problema.tcal. 

„ is therefore an object of the invention ,0 make available a selective method, for which there 
,s only a very slight deposition of carbon on the copper surfaces, such as those of a pruned 
circuit board, and for which the adhesion of the carbon panicles ,0 the nonconductor surface 

is increased. 

This objective is accomplished owing .0 the fact that the nonconductor is treated a.) with a 
copper-containing solution and b , a polyelenrolyte solution, preferably an aqueous gelattn or 
polvacrylate solution, is c, optionally rinsed with water subsequently, and d.) the 
nonconducor surface is brought into contact with a d, -persion containing carbon, wetting agon, 
and an ionogenic meta, compound and e.) subsequently optionally rinsed once agam w,th 
water. Furthermore, the accomplishment of the objective indues the use of copper-contammg 
solutions in the method. 
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Preferred embodiments are described in the dependent claims. 

The inventive method is based on a treatment of a copper surface wherein 

1 . the copper surface is not covered with carbon particles or covered with carbon particles 
that adhere only slightly, while the adhesion of the carbon to the nonconductive 
surfaces, that is. to the surfaces of the glass fibers and of the resin, remains unchanged 
at a high level and 

2. the back-etching of the inner layers is avoided or. at the very least, decreased greatly, 
because only mild etching solutions are used pursuant to the inventive method. 

Pursuant to the invention, this is accomplished furthermore in the following way. owing to the 
fact that copper compounds are produced on the copper surfaces of the printed circuit board. 
These copper compounds hamper or make difficult the adsorption of finely-divided carbon or 
other conductive materials, so that very mild processes subsequently remove these copper 
compounds and adhering carbon, without etching the copper layer underneath more strongly. 

The printed circuit boards, so treated, have an outstanding distribution of layer thicknesses of 
the galvanic copper in the borehole and. because of the intimate bond between the inner layers 
and copper hole sheath, withstand thermal processes, such as those required for the soldering 
shock test at 288°C for 10 seconds. 

Surprisingly, it was found that copper(I) compounds, which are formed by the 
disproportionate reaction of metallic copper with a divalent copper compound, hamper the 
adsorption of gelatin and carbon. 

Compounds of univalent copper, which cannot be obtained directly, are prepared by the 
exchange reaction of the anions. 
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■A~ r t.ilfiit*<; hydroxides and 
a u.im.« nseudohalidcs. chalccgemdes. sullatcs. n>u 
As copper compounds, hahdes. pseuotna 

preferably phosphates come into consideration. 

^ ,h, .remmeni of the nonconductor with an aqueous 
The further step of the inventive method, the treatment of 

ge.atin so.ut.on. can he accomplished with solutions, wh.ch contam 0. % ^ 
U-* 0.2% of ge.atin. A„ commercial g e,atin .uaht.es. - ' « J 
off ered. are suitable for preparing aqueous gelatin solution. T**« ■* 
can also be carried out with an aqueous polyacry.ate solution instead of gelai 
^tT^o— obtainable polymer dispersions based on acrylate or on matures, 
which contain polyacrylate. are suitable. 

Ate -* — • - ■ ^" ytas so,u,ion - ,hc noncona " c '° r iS 

rinsed with water, preferably with distilled water. 

s— . ,ere is — — • ^^£Z££ZL 

a wetting agent and an ionogenic metal compound (such as an 
earth halide). 

HH.* esoecially phase-transfer catalysts, such as 
As wetting agents added. — J all p bas,,ransfer catalysts, 

nexadecyltnmethylammonium brom.de. are suuable. Furthermore, p 

wnic h contain a quaternary nitrogen atom and are commerc.ally available. « 
ad dition. Aerosol OT (Cyanamid) and Cathodip* are suitable as wetting agents. 

j wnicn are to be added to the dispersion, the fluorides. 

:,;r:i:: ::r : — — ■ — — 

strontium, ammonium or copper have proven the.r value. 

■hod is based on the principle of adjusting a carbon dispersion in such a 
The coating method is based on However if this 
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the nonconductor, this carbon dispersion is destabilised, uiih the result that there is. 
coagulation and tha, carbon particles precipitate at the solid/fluorinated phase boundary, 
adhering firmly. This coagu.ation is control.ed by way of the ionogenic metal compounds 
(electrolytes) contained in the dispersion. 

At the present time, the role of the o.igomeric ionophores of the substrate surface cannot yet 
be defined However, it is assumed that these lead to a high surface concentrate of -ons. 
which is then the cause for the desired coagulation. This coagulation takes place wnh 
participation of the o.igomeric ionophores. since the coagu.ation layer is resistant to nns.ng. 

The inventive method can be used to particular advantage for the direct galvanic metallizing 
of nonconductors. In this connection, ceramic, g.ass or other polymeric materials; such as 
fiber-reinforced p.astics containing fillers or plastics that have not been reinforced, epox.des. 
phenolic resins, cyanate esters, po.yether imide. po.yimide. fluorine-containing polymers 
(PTFE) or similar materials can be named as nonconductors. Moreover, it can be used for 
coating ABS plastic, polyphenyline sulfide, polyesters, polyacrylates and epoxide res.ns. 

The method is also suitable for being used to produce conductor lines or structures on the 
above-named polymeric materials. Especially emphasized is the treatment of boreholes .n 
printed circuit boards and the use for preparing electromagnetic shielding layers and pruned 
circuit boards. 

The inventive method is suitable for use in vertical or horizontal continuous installations, 
which are operated continuously within industrial galvanic production. 

Printed circuit boards, electrodes, heating elements, chip carriers, electronic packages, 
multichip modules, metallized plastic parts such as buttons, fittings or automobile parts can be 
produced to advantage with the inventive method. 
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EXAMPLES 

The following Examples are intended to explain the inventive method. 
Outline of the Method 

1. Cleaning agent; alkaline and acidic 

2. Rinsing 

3. Treatment in solution A 

4. Rinsing 

5. Treatment in solution B 

6. Rinsing 

7. Water-soluble polymer 

8. Rinsing 

9. Carbon dispersion (graphite/carbon black) 

10. Rinsing 

11. Removal of the copper(I) compound in a weak etching solution 

12. Rinsing 

13. Drying with air at 50°C 

14. Activating the copper surfaces in an acidic solution 

15. Rinsing 

16. Galvanic copper 0.5 4 A/dm 2 (depending on the application) 

Example 1 

A printed circuit board, provided with boreholes, is treated as described above. 
Solution A contains 200 g of copper(II) chloride per liter and 
Solution B is skipped. 

It was possible to clean the board by rinsing it in spray-jet rinsing equipment, so that the 
exterior copper surfaces and the interior layers were freed from carbon (graphite). After 
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gaining ror 5 minutes m *. -id, co Pr . r «>« - * - "*» »" ««"* 

plated tightly. 

Example 2 

A printed circuit board, provided with boreholes. ,s treated » ^ ~*<* -"»«- 
Solution A contains 200 g of copper(ll) chloride per liter and 
Solution B contains 50 g of trisodium phosphate per liter. 

As in H.ample 1. the graphite could easily be rented and the ****** -1. was also 

good. 

Example 3 

A printed circuit board, provided borehole, is treated by the method outlined above. 

Solution A contains 200 g of copper chloride per liter and 

Solution B contains 50 g of potassium dihydrogen phosphate per l.ter. 

V* copper surfaces were free of carbon already after a few seconds of treatment in the «* 

in ihe transmitted light test. 

Example 4 

A printed circuit board, provided with boreholes. ,s treated by the method outlined above. 
Solution A contains 50 g of copper(ll) bromide per liter and 
Solution B contains 50 g of potassium hydrogen phosphate per liter. 

After a short time, the copper surfaces were freed from graphiie and the copper,,, layer was 
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multilayer was subjected to a shock test (288°C, 10 seconds) and a polished cross sec. on of 
it was examined. The contactings were not torn off. the borehole sheath was satisfactory and 
the layer thickness distribution was 85%. measured from borehole inlet to borehole center. 

Example 5 

A printed circuit board, pretreated as in Example 3. was treated with a conditioning solution 
(water-soluble polymer) of 0.2% Mowoiol with a pH of 9 and treated further by the method 
outlined above. The removal of the carbon also proceeded quickly and the through-plating was 
free of defects after the given copper-plating time. 

Example 6 

A printed circuit board, pretreated as in Example 3. was treated with a conditioning solution 
of 0.2% gelatin with a pH of 9 and then by the method outlined above. The removal of the 
carbon proceeded rapidly and without problems and the through-plating was without defects 
after the given copper-plating time. 

No defects could be detected in the transmitted light test when the copper layer reached a 
thickness of 5 fim. 

A printed circuit board, reinforced to 35 /im copper, was subjected to a shock test (see above) 
and found to be satisfactory. 

■ Example 7 

The adsorptive coating of nonconducting surfaces with conductive carbon blacks is suitable for 
the through-plating of printed circuit boards based on glass fiber-reinforced epoxide resin 
plastics and laminated with copper on both sides. 
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The board, cleaned in 1% \rkopal» N 150 <Hoechst)/dilute sulfuric acid with ultrasound, is 
first preireated for 15 seconds in a 0.2% aqueous gelatin solution with horizontal movement 
of the goods. For a bath batch, the gelatin, after being allowed to swell for 10 minutes, is 
first dissolved at an elevated temperature and subsequently allowed to stand for 5 hours at 
10°C and then heated to 20°C. 

After the board is rinsed with deionized water, it is coated with graphite carbon black of the 
Sigri company by adsorption from a 1 % aqueous dispersion. The dispersing is brought about 
with ultrasound. The dispersion is stabilized cationically with 2.5 x \O l moles/L of 
hexadecylirimethylammonium bromide (CTAB) and additionally contains 0.07 moles/L of 
potassium chloride. The coating takes place at a bath temperature of 30°C with horizontal 
movement of the goods (stroke: 4 cm. frequency: 75 per minutt, and is completed in 5 
minutes. 

The board is washed with deionized water and then dried with compressed air. The thickness 
of the resulting carbon black layer is less than 1 m and the resistance, based on a square, is 
of the order of ICQ. To remove the carbon black coating on the copper lamination, the plate 
is etched anodically for 5 minutes with 1 A/dm in 0.5 moles/L of CuS0 4 /H,S0 4 and rinsed 
once again. After that, it is galvanized in the usual manner. 

Example 8 

The printed circuit board is coated with carbon black for the through-plating of printed circuit 
boards as in Example 1. However, the carbon black dispersion is stabilized anionically with 
Aerosol OT* (Cyanamid). A 1 % dispersion of the EC carbon black. Printex* L 6 (Degu>sa) 
contains 3.4 x 10 " moles/L of Aerosol O T and 0.04 moles/L of potassium chloride. 

Example 9 

Printed circuit boards, copper laminated on both sides, are through-plated as in Example 1. 
here, however, by way of a coating with graphite. The aqueous graphite dispersion used (with 
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a particle size of 0.4 to 0.6 »m) is a product of the Acheson company with the name of 
■Aquadag- and is used in a dilution of 1 : 6. The coating is carried out for 5 minutes wth 
a horizontal movement of the goods (stroke: 4 cm. frequency: 50 per minutes) at a bath 
temperature of 25'C. Despite the fact that the resistance of the graphite coatmg 
(approximately 10'fl/square) is significantly higher than that of carbon black layers, the 
galvanic deposition of copper proceeds better on graphite. 

Example 10 

The board is through-plated over a coating with graphite, as in Example 3. The coating is 
achieved, however, after a pretreatment • the printed circuit board by immersion .n 
Bascplasr* 280 D (BASF). Basoplast ^ is a cationically stabilized, aqueous polymer 
dispersion based on acrylate. which is usee a dilution of 1 : 5. The immersion takes place 
during a 15 second lifting motion at room temperature. The board is rinsed with de.on.zed 
water and then coated with graphite. Compared to the pretreatment with gelatin, the coating 
admittedly is less, with a resistance of approximately 10'fl/square. Nevertheless, the board 
c\n "be galvanized without difficulties. 

Example 11 

Because they are coated repeatedly with graphite, the epoxide resin boards can be galvanized 
flat. As in Example 3, the epoxide board (2 cm wide. 2 cm high) is immersed in gelatin 
'solution and rinsed and then coated with graphite for a period of. however. 2 minutes. After 
being rinsed, the coated board is immersed once again in gelatin solution, rinsed and coated 
with graphite in the same way for a secon • time. This type of coating is repeated twice more, 
after which the board is dried with compressed air. 

During the galvanizing, the contacting to the graphite layer is also imme„ed in the bath. 
Starting with the contacting, the copper deposited spreads over the graphite layer. 
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Example 12 



As in Example 5. glass can also be galvanized flat. Moreover. the workpieces can have any 
shape. The adhesion of the metallization to glass is. however, less than that of the 

metallization to epoxide resin. 



Example 13 

A preheated glass plate (2 cm wide. 2 cm high) is exposed at room temperature for 5 minutes 
to gaseous hydrofluoric acid in a closed container. During this time the surface is roughed 
uniformly. After the reaction products are rinsed from it. the plate is metallized as deserted 
in Example 5. The adhesion of the galvamc coating is clearly better than that of a galvamc 

coating on an untreated glass plate. 

Example 14 

An epoxide or glass plate is coated with- graphite as described in Examples 5 to 8. After the 
last rinsing, however, the plates are dried in an oven for 15 minutes and tempered. For 
epoxide boards the temperature is 120=C and for glass plates 200°C The conductivity of the 
graphite layers is increased by this treatment, so that the galvanic deposition of copper 
proceeds more quickly. By these means, it is also possible to galvanize larger workpieces. 
particularly of glass. 

Example 15 

A glass plate (2 cm high. 2 cm wide) is coated with a polymer. As polymer, the binder of the 
BASF electrophoretic enamel "Cathodip*". which is a water-dilutable dispersion (product 
number FT 83-0270). is used as polymer. The dispersion is applied by immersing the plate 
in the 1 : 1 diluted polymer dispersion and subsequently drying for 5 minutes at SO'C. The 
transparent, adhering layer is water resistant and shows hydrophobic behavior. Thereupon, 
the procedure of Example 5 is followed and. after the graphite coating, copper is deposited 
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mc-amration m ^ *~« • »~ «•» *" ** 

nation on ,U» *. I. been »*d * <*"•*' — » ^ 

„ achieved due ,0 *« ctoss M* of ,ne poivmer after *. h .*» P<« — 

stoving at a temperature of ISO'C for a period of 15 minutes. 

Example 16 

A p,a,e. - cm W*. 2 cm **. is coated a .ater-msoiuMe „*„ M. • 
0 5, gelatin soiution. which co»ta,„ s 0.5* forma.deh.de. bv bn««y .mmer.mg the - 
dte potior, « a temperature of 20'C and subse,uen„v drying it jessed air. » *o« 
„ funher pretreatmen, the plate is coated with graph* * adso, r ,ion from the d,spe,s,on 
u S 'ed in Exampie 3 a. a temperature of 25'C for : m.nures movemen, <4 the pia.es T>e 
p, aKS are rhen rinsed and dried »«. compressed a,, After that, the P.ares are d.p P ed .or a 
second **. again fo, 2 min^s. into the graphite d, iP ersio» and «« 1* 
procedure U repeated twice more. Subse q ucn„ y the piates are copper P.ated m 
ihe usual manner. 

Example 17 

T* through-p.ar.ng of a printed circuit board, copper laminated or both sides, is ach.ced 
over a coating with graphite. For this purpose, the graphite U.spers.on bribed m F*am P ,e 
3 is used, however at a dilution of. : 4. Furthermore. Ar^on* T P- a H,e;hst an.on.: 
surfactant, is added at a concentration of 70 ppm.. 

The board, cleaned as described in Example 1. is coated by being immersed briefly, freeing 
Ae boreholes by blowing compressed* through them and drvinc for 5 minutes at 80" C The 
boards are etched as in Example 1 and subsequently co PP -r plated ga.van.call> 
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Example 18 

Through.Pla.ing Primed Circui, Boards: An epoxide resin n-layer * beeves less .han 
, mm in diame,er is cleaned in an aqueous soiunon. which comams 0.5% Arfcopa, NI50 
(HOECHST) and 5% sulfuric acid. T*e damn, requires 2 minutes, uluasound be.ng used 

at the same time. 

A ,,er being rinsed for 30 seconds wiU, up wa,er. .he board is immersed for , minu.e in an 
aqu eous so,u,ion. which conuins 100 g/L of sodium peroxodisuitae and 20 g/L of su une 
,cid. and rinsed once agai, Subsequent *e board is ,rea,ed .or , minu,e in a hydro* or, 
acid soiu.ion of 200 g/L copper chioride ,pH of > .8, a, a ,empe,a,ure o, 40'C. Af.er bemg. 
rinsed with ,ap wa.er. ,he board is immersed in a ge,a,i» soimion. rinsed once agam and d,en 
c „a,ed with carbon black as in Example I. however fo, a period of 2 nunmes. 

The board is rinsed ar,d SubseouenUy immersed for 2 minu.es a. room .emperaure in an 
aq ueousso,u,ion. which con,ains 50 g/L of sodium peroxodisulfa,e and 50 8 ,Lof sulfuric acd. 
After being rinsed with a suongje.. .he board is dried wi,h ho. air a, 110'C. 

Finally, ft. board is copper pla,ed elecroly.ieal.y in Cupracid CS (Schering, a, room 
,empera,ure »-hh a curren. densi.y of 4 A/dm' (or a period of 40 mm :s. 

Example 19 

T,rough-P,a,in 8 Primed Circui, Boards: A polyimide muUilayer (S.arr-Flex). ,-hich is 
provided wiun boreholes having a diame,er of less .nan , mm. is cleaned as in Example .«. 
M.er beina rinsed for 30 seconds wilh .ap .he board is immersed a, room ,emper„ure 

for 1 minu,e in an aqueous solu.ion. which con.ains .00 g/L of » peroxodisulfa.e and 
,0 g/L of sulfuric acid and rinsed once more. Subsequent .he boa,d is u«ed for 1 m,r.u,e 
to a hydrochloric acid solu.ion of 200 g/L of copper chloride <„H of 1 .» a. a .empera.ure 0, 
40-C and af,e, being rinsed once more. ,rea,ed in a 10% soluuon of po.assium dihydrogen 
phosphate, also at 40°. 
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After being rinsed with tap water, the board is immersed in a gelatin solution as in Example 
18. rinsed once more and then coated with graphite as in Example 17. however for a penod 



of 2 minutes. 



The board is rinsed and subsequently immersed for 1 minute at room temperature .n an 
aqueous solution, which contains 50 g/L of sodium peroxodisulfate and 50 g/L of sulfuric ac.d. 
After being rinsed with a powerful stream, the board is dried with hot air at 1 10'C 
Subsequently, the board is copper plated electronically as in Example 18. 
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Claims 



A method for selective* coating nonconductors with carbon particles, wherein a 
substrate is subjected to the following steps: 



treatment with a copper-containing solution, 

•,k , n m % to 5 00% aqueous solution of gelatin 
coating the nonconductor with a 0.01 ,o to d.w h 



or polyacrylate, 

optionally rinsing with *ater. 



a. 
b. 

l contact wi,h a dispersion conraining carbon. weuing agen, and an ionogenic 

metal compound, and 
e . optionally rinsing with water. 

T.e merhod for coa,ing nonconduciors «*h carbon parses of Cain, ,. wherein 
graphue and/or carbon black are/is used as carbon panicles. 

meurod for coaring no,conduc.ors wirh carbon parricies of Cairn .. wherein 
anionic or caiionic surfaces or phase,ransfer ca,*,s are used as w*,i„ g agen,s. 

Ue m e*od for coa.ing nonconducors with carbon parOcies of Caim ,. wherein a 
copper,,, soiu.ion and,or a copper,,., soUnion areris used as copper chaining 

solution. 

6 
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• A ■ .w .he coDDer(l)-containing solution contains 
Tne method of claim 4. character^ ,n that the coppe 

k mate citrate hydroxide, bromide, iodide, sulfate, sulfide 
carbonate, chloride, chromate. curate, nyo 

phosphate or thiocyanate as anion or mixtures of anions. 



The method 
100.0 g/L. 



„ claim 4. a—*- — "°" ° f C0PP£ ' " 05 10 



7 . ^t^**********"""*^*** 

acidic range, preferably between 1 and 4. 

' toMid5S , „ . - «- — • — -■ — 

compounds. 



9. The 
dianr 

,ess lhan 5,m are/is used as carbon panicles. 

1 to 12 for coating, particularly for 

>d ot ai ieaM «• 

iir— .:^r* ~f nnlvmers. cer 

the direct, galvanic 



l0 . The use of the method of at least one of the claims 

metallization of polymers, ceramic or glass. 



7 



2102240 



Use of the method of a leas, one of the claims 1 to 1 2 for producing conductor lines 

or structures on polymer materials. 

Use of the method of at least one of the claims 1 to 12 for the direct, galvanic 
metallization of boreholes of printed circuit boards. 

The use of the method of at least one of the claims 1 to .2 for producing printed 

circuit boards. 

The use of the method of at least one of the claim, 1 «o 12 in horizontal, continuously 

operated installations. 

The use of a copper(l)- and/or C op P er(ll)-containing solution for the P retreatment of 
" nonconductors before they are treated with carbon panicles. 
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